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Abstract 
This paper reports about the experimental investigations carried out on stone matrix asphalt mixes (SMA) prepared using 
polymer modified bitumen PMB 70 with SBS and coconut fibers to prevent drain down of asphalt. Results were compared 
with SMA mixes prepared with neat bitumen VG 30 grade and coconut and cellulose fibers to prevent drain down of asphalt. 
Experimental work includes SMA mix design, static indirect tensile strength test at different temperatures, indirect tensile 
fatigue test and permanent deformation test. From the test results it was observed that stone matrix asphalt mix with PMB 70 
and coconut fiber shows higher static indirect tensile strength at different temperatures, higher fatigue life and higher rut 
resistance when compared to control mix of SMA 
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1. Introduction 
 
Stone Matrix Asphalt (SMA) is a gap graded mix characterized by higher proportion of coarse aggregate, 
lower proportion of middle size aggregate and higher proportion of mineral filler and binder content. The coarse 
aggregate skeleton provides the mixture with stone-on-stone contact, giving it strength, while the high binder 
content mortar adds the durability. Gap gradation of SMA may allow the binder and the aggregate dust to drain 
when the mixture is hot during storage, hauling and placement. In order to prevent the drain down a stabilizing 
additive is used. Cellulose and mineral fibers are widely used as stabilizers in SMA mix. Cellulose fibers are 
patented, costly and are not readily available. A non conventional natural fiber, namely coconut fiber is 
abundantly and cheaply available in India and which has cellulose content has been used as fiber to provide 
increased strength and at the same time preventing the usual draining of binder in SMA mix. 
In recent years, modified bituminous mixes have gained popularity because of their ability to reduce rutting 
at high temperatures, and reducing thermal cracking at cold temperature and enhancing service properties over 
wide temperature ranges. Addition of polymers and rubbers in bitumen as modifiers increases the life span of 
road pavement considerably. Binder modification results in improvement of one or more properties of binder viz. 
fatigue resistance, stiffness modulus, rutting resistance, stripping potential, temperature susceptibility, oxidation 
potential etc. Both high elastic modulus as well as high fatigue life can be achieved with modified binder. 
This paper presents the laboratory investigations carried out on SMA mixes prepared using SBS (styrene-
butadiene-styrene triblock copolymer) polymer modified bitumen (PMB-70) using coconut fibers as stabilizer 
and results are compared with SMA mixes prepared neat bitumen using coconut and cellulose fibers as 
stabilizers. Various engineering properties such as physical properties of aggregates, mineral filler, neat VG 30 
grade bitumen and PMB-70 with SBS. Mix design of SMA with PMB-70 using coconut fibers as stabilizer has 
been compared with SMA prepared with neat VG 30 grade bitumen using coconut and cellulose fibers as 
stabilizers. various SMA mix design parameters namely air void content, percentage  voids in mineral aggregate 
(VMA), Percentage voids in coarse aggregate mix (VCA) asphalt drain down percent and tensile strength ratio 
(TSR) values were determined for both SMA with neat bitumen and PMB-70 and these fulfilled the requirements 
as per IRC:SP:79-2008. Results of SMA mix prepared using neat bitumen with coconut fiber were most 
promising when compared to SMA mix prepared using neat bitumen with cellulose fiber and hence for PMB-70, 
SMA mix with coconut fiber was only used. The performance studies such as static indirect tensile strength test 
at different temperatures, Indirect tensile fatigue test at different stress levels and permanent deformation test at 
12 mm rutting were carried out on SMA mix prepared using PMB-70 with coconut fiber and results were 
compared with SMA mix prepared using neat VG30 grade bitumen and coconut fiber as stabilizer.  
 
1.1. Objectives of present study 
 
  To determine optimum binder content for stone matrix asphalt (SMA) mix with PMB-70 using two types of 
fibers namely coconut and cellulose by using Marshall method of mix design and results would be compared 
with control mix of SMA prepared using VG30 grade bitumen with two different fibers. 
  
 To evaluate the static indirect tensile strength for SMA mix with PMB-70 using coconut fiber at different   
temperatures and the results would be compared with control mix of SMA prepared using VG30 grade 
bitumen with coconut fiber. 
 
 To determine the moisture susceptibility of SMA mix with PMB-70 using coconut fiber by conducting tensile 
strength ratio (TSR) test and the results would be compared with control mix of SMA. 
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 To determine the fatigue life of SMA with PMB-70 using coconut fiber by conducting indirect tensile fatigue 
test and the results would be compared with control mix of SMA. 
 
 To evaluate rut resistance of SMA with PMB-70 using coconut fiber by conducting immersion wheel tracking 
test and the results would be compared with control mix of SMA. 
 
2. Literature Review 
 
Kumar et al. (2004) tried to use an indigenous fiber in SMA Mix by taking low viscosity binder coated jute 
fiber instead of the traditionally used fibers and compared the result with the imported cellulose fiber, using 
60/70 grade bitumen and found optimum fiber percentage as 0.3% of the mixture. Jute fiber showed equivalent 
results to imported patented fibers as indicated by Marshall Stability test, permanent deformation test and fatigue 
life test. Aging index of the mix prepared with jute fiber showed better result than patented fiber.  
Muniandy and Huat (2006) used Cellulose oil palm fiber (COPF) and found fiber-modified binder showed 
improved rheological properties when cellulose fibers were pre-blended in PG 64-22 binder with fiber 
proportions of 0.2%, 0.4%, 0.6%, 0.8% and 1.0% by weight of aggregates. It showed that the PG64-22 binder can 
be modified and raised to PG70-22 grade. The Cellulose oil palm fiber (COPF) was found to improve the 
diametrical fatigue performance of SMA deign mix. The fatigue life increased to a maximum at a fiber content of 
about 0.6%, whilst the tensile stress and stiffness also showed a similar trend in performance. The initial strains 
of the mix were lowest at a fiber content of 0.6%. 
Coconut fibers have been used in this study as a stabilizing additive in place of conventional Cellulose fibers 
in SMA mixes.  The Optimum Binder Content (OBC) of the SMA mixes, based on the Marshall test results 
taking 3% air voids as the main criterion are observed to increase with increase in stiffness of binder. It is also 
observed from the above studies that only marginal incorporation of 0.3% coconut fiber leads to substantial 
improvement in engineering properties of laboratory based mix samples. However, these studies given above are 
only preliminary and these need to be substantiated by lying of experimental tracks (Suchismita et al. 2010) 
Punith et al (2004) carried out a comparative study of SMA with asphalt concrete mix utilizing reclaimed 
polythene in the form of LDPE carry bags as stabilizing agent (3 mm size and 0.4%) .The test results indicated 
that the mix properties of both SMA and AC mixture are getting enhanced by the addition of reclaimed polythene 
as stabilizer showing better rut resistance, resistance to moisture damage, rutting, creep and aging.  
 
3. Laboratory Investigation 
3.1. Materials 
 Crushed basalt type of coarse aggregates 13 mm and down. 
 Crushed basalt type of fine aggregate 2.36 mm and down. 
 Basalt stone dust as mineral filler. 
 VG 30 grade bitumen and PMB-70 with SBS (Styrene- Butadiene-Styrene) block copolymer as 
binders. 
 Cellulose and Coconut fibers as stabilizers 
 
3.2. Physical properties of aggregates 
 
Various physical tests namely abrasion test, aggregate impact test, shape test as combined index, water 
absorption test, specific gravity test of coarse,  fine aggregate and mineral filler and polished stone value tests 
have been conducted in order to determine the physical properties of the aggregates. Test results obtained were 
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21.77%, 17.08%, 29.05%, 0.95%, 2.68, 2.61, 2.48 and 72% respectively. These results fulfill the requirements as 
per IRC: SP: 79 (2008) 
 
3.3. Physical properties of PMB-70 
 
Various physical tests were conducted on PMB-70 grade polymer modified bitumen namely Flash point, 
Penetration at 250C (100 g, 5 s, 0.1 mm), Softening point,  Elastic Recovery and Separation Difference in 
Softening Point, R&B, 0C. Test results obtained were, 2600C, 76.5 dmm, 620C, 79% and 2.50C. These results 
fulfill the requirements as per IRC: SP: 53-2002. 
 
3.4. Physical properties of Bitumen 
 
Various physical tests were conducted on VG 30 grade bitumen namely Absolute viscosity at 600C, 
Kinematic viscosity at 1350C, Flash point, Solubility in trichloroethylene, Penetration at 250C (100 g, 5 s, 0.1 
mm), Softening point and Tests on residue from thin film oven test such as Viscosity ratio at 600C and ductility at 
250C. Test results obtained were 2600 Poises, 370 cSt, 67.33 dmm, 470C, 2200C, 99.5%, 3.0 and 65 cm. These 
results fulfill the requirements as per IS 73 : 2006 
 
3.5. Physical properties of fibers 
Fibers are used as stabilizer in SMA Mix. Fibers help to increase the strength and stability and decrease the 
drain down in SMA Mix. There are different types of fibers are used in SMA Mix like cellulose fiber, polymer 
fiber, mineral fiber, natural fibers. In the present investigations two types of fibers such as coconut fiber (natural 
fiber) and cellulose fiber were used as stabilizer in SMA mix. Physical properties namely length, diameter and 
specific gravity of coconut fibers were 3 to 8 mm, 0.2 to 0.6 mm and 1.0 respectively. Similarly for cellulose 
 ctively. 
  
3.6. SMA mix design 
The SMA mixture was designed using AASHTO MP8 and AASHTO PP41. The mix design consists of 
determination of voids in the coarse aggregate (VCA DRC) in accordance with ASTM C 29 using the equation 1. 
Preparation of twelve Marshall samples with three trail binder contents namely 6, 6.5 and 7%. Three samples 
from each trail binder content shall be compacted with 50 blows on each side and used to determine the 
volumetric properties of Marshall samples. The fourth sample shall be used to determine theoretical maximum 
specific gravity (Gmm) according to ASTM D 2041. The bulk specific gravity (Gmb) of the specimens were 
determined as per AASHTO T 166. Using Gmb and Gmm the percent air voids (Va), Voids in mineral aggregate 
(VMA) and voids in the coarse aggregate, mix (VCAmix) were calculated using Equations 2, 3 and 4 as shown 
below.  
VCADRC w  s)/Gca w]*100                                                                                                                      (1)   
Va = 100*(1-Gmb/Gmm)                                                                                                                                             (2) 
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VMA = 100- [(Gmb/Gsb)*Ps ]                                                                                                                                    (3) 
VCAmix = 100- [(Gmb/Gca)*PCA]                                                                                                                               (4)    
 
Where, 
VCADRC = Voids in the coarse aggregate in the dry rodded condition, 
Gca  = Bulk specific gravity of the coarse aggregate, 
w   = Unit weight of water (998 kg/m3), 
s    = Unit weight of coarse aggregate fraction in            
        dry rodded aggregate in kg/m3 
PS    = Percent of aggregate in mixture 
PCA  = percent of coarse aggregate in the total mixture 
The optimum bitumen content was determined corresponding to the design air void content of 4%. The fiber 
content used was 0.3% by weight of total mix for both types of fibers. The remaining mix properties determined 
were checked to meet the requirements as per IRC: SP: 79-2008. Test results are shown in Table 1  
 
3.7. Drain down test 
The Schellenberg Drain down test was selected to determine the efficiency of the Coconut and Cellulose 
fibers as stabilizer used to prevent drain down of the binder and mineral filler. In this test method a sample of the 
SMA mixture to be tested was prepared in the laboratory. The sample was placed in a beaker, which is weighed. 
The sample along with the beaker is placed in the oven for one hour at a prescribed tem
At the end of one hour, the beaker containing the sample is taken out from the oven and immediately emptied the 
beaker without any shaking or vibration. Re-weight the beaker to nearest 0.1gm to determine the amount of drain 
down that occurred and calculate the percent of binder drain down using equation 5.   
 
Binder drain down % = 100x (C-A)/(B-A)                                                                                                              (5) 
 
Where,  
 
A=Empty weight of the beaker. 
B=Weight of the beaker after placing the mix. 
C=Empty the beaker without any shaking after one hour and weighed. 
Test results are shown in Table 1 
 
3.8. Tensile strength ratio (TSR) test 
  
Resistance to moisture damage of SMA mixes was determined by adopting AASHTO: T-283. Under this 
method, one set of Marshall Specimens with 6 to 8% average air voids were immersed (conditioned) in a water 
ater bath and kept at a 
te ater bath and kept at a 
eriod of 2 hours. Other set of samples (unconditioned) were kept at a temperature of 
specimens were placed in to the indirect tensile strength test assembly by 
loading along the axis of the specimen, with the two faces being restrained from the movement. The entire 
assembly was then mounted on the conventional Marshall testing apparatus and the load at failure was recorded. 
The TSR, which is a measure of water sensitivity, is calculated using the equation 6. 
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TSR = [Avg tensile strength of conditioned sample/Avg tensile strength of unconditioned sample] *100           (6)        
 
Test results are shown in Table 1 
 
Table 1 Results of SMA Mix Design 
 
Sl. 
No. 
Mix Design 
Parameters 
Results of SMA Mix Requirements as per 
IRC:SP:79-2008 PSMA-ctf SMA-ctf SMA-cf 
1 Optimum bitumen 
content 
6.45 6.15 6.20 5.8 min 
2 % Air voids 4.0 4.0 4.0 4.0 
3 VMA % 20.70 21.35 21.10 17 min 
4 VCA, mix % 29.95 30.50 30.27 Less than VCA,DRC 
5 VCA, DRC, % 39.12 39.12 39.12 --- 
6 Asphalt drain down 
% 
0.115 0.18 0.21 0.3 max 
7 TSR % 86.00 85.61 91.11 85 min 
 
PSMA-ctf: SMA with PMB-70 using coconut fiber, SMA-ctf: SMA with VG 30 grade neat bitumen using 
coconut fiber and SMA-cf: SMA with VG 30 grade neat bitumen using cellulose fiber 
3.9. Static indirect tensile test 
The static indirect tensile test was carried out as per ASTM: D-4123-1995 to study the behavior of paving 
mixes at different temperatures. The split tensile strength of asphalt mixes was determined by applying a 
compressive load to Marshall specimens along the vertical diametrical plane, through two-curved steel strips 12.5 
mm wide with the same inside curvature as that of the Marshall specimens. A nearly uniform tensile stress is 
developed normal to the direction of the applied load and along the same vertical plane causing the specimen to 
fail by splitting along the vertical diameter. Indirect tensile strength of specimen is calculated as shown in 
equation 7  
Static indirect tensile strength,  = 2P/ d t                                                                                                            (7)       
 
Where,  
 
P= Load at failure in kg 
d = diameter of specimen in cm 
t = thickness of specimen in cm 
 
Results are shown in Table 2 
 
Table 2 Results of Static Indirect Tensile Strength 
 
Mix Type Static Indirect Tensile Strength, MPa at Different Temperatures, OC  
10 20 30 40 
 
PSMA- ctf 
1.52 0.99 0.43 0.35 
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SMA- ctf 
1.18 0.82 0.40 0.34 
 
3.10. Indirect tensile fatigue test 
 3.10.1. Repeated load test setup 
 
Repeated load test setup was fabricated at the Civil Engineering Department, P.D.A. College of Engineering, 
Gulbarga for evaluating the characteristics of pavement material under repeated loading condition. The test 
facility is complete with a computer- interfaced data acquisition system used to control the nature, magnitude, 
and frequency of loading and to collect data from different sensors. This equipment can be used for conducting 
repeated load tests, indirect tensile fatigue tests, and Fatigue tests on beam samples. The setup consists of loading 
frame with a capacity of 20 kN and a double-ended shaft hydraulic cylinder with a servo valve to apply the load 
and hydraulic power pack consists of motor pump, relief valve, cooling arrangement etc. The input to the servo 
valve is from servo amplifier, which receives its input either from built in function generator or from computer. A 
load cell of 10 kN capacity is used as feed back element. Vertical and horizontal deformations of the specimens 
are measured by using linear variable differential transducers (LVDT).  
 
3.10.2. Preparation and testing of specimens 
 
PSMA-ctf and SMA-ctf specimens were prepared at optimum binder content by mixing the aggregates and 
binder at desired mixing temperatures, and compacted by Marshall hammer at desired compacting temperatures 
to achieve the required bulk densities as per Marshall mix design method. The specimen after conditioning for 
two hours at required temperature of 30OC was placed between two steel strips so that the central axes of the 
strips, specimen and piston were in the same vertical plane. A constant repeated load was applied at a loading 
frequency of 4 Hz with a loading period of 0.25 sec and without rest period. Haversine type of loading waveform 
was used. The load repetitions were continued till the specimen failed, that is when the permanent horizontal 
deformation resulted is 5 mm. Fatigue life is the number of load repetitions to cause failure of specimen as above 
at 30OC temperature at different stress levels. 
 
3.10.3. Fatigue life (Nf ) relationship 
The relationships between Fatigue life and applied tensile stress for PSMA-ctf and SMA-ctf mixes are of the 
form shown by (Eq. 8). The relationships are also shown by Figure 1 and Figure 2.                                                        
 
Nf =  k1 (1/ ) n1                                                                                                                                                                                                        (8)        
 
Where k1 and n1 are regression coefficients 
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Figure 1 Relation between fatigue life and applied stress for PSMA-ctf
Figure 2 Relation between fatigue life and applied stress for SMA-ctf
Fatigue equations: For PSMA-ctf: Nf = 3.039 (1/ 4.29 R2 = 0.952       (9)     
                                For SMA-ctf: Nf = 2.969 (1/ 3.78   R2 = 0.892                                                                (10)   
               
3.11. Permanent Deformation Test
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The mechanical response of a bituminous material to the application of an external load is, in part, viscous. 
That is to say, an element of the deformation induced by the application of the load is time dependent and 
irrecoverable. Under repeated application of load, the permanent deformation continues to accumulate. The 
outcome of this, in the bituminous paving mixes subject to vehicular traffic, is that ruts develop in the wheel 
paths. These ruts have major effect on serviceability of pavement because the rain water get accumulated in these 
ruts can cause accidents apart from reducing the strength of different layers due to ingress of water into the 
pavements. In recent years, with increase in the magnitude of wheel load and tyre pressures, the severity of 
rutting is increasing in Indian roads. For a location where higher temperature prevails, rutting of bituminous layer 
becomes more critical especially for pavements with thick bituminous layers. The rutting mode of distress in 
bituminous pavement results from both densification and plastic flow caused by application of traffic loads. The 
performance of a bituminous mix is strongly dependent on the volumetric proportions of aggregate, binder and 
air voids. However, resistance to permanent deformation is dependent not only on the relative proportions of the 
constituent materials of a mix but also on their nature and mechanical characteristics. The shape, surface texture 
and grading of aggregate particles and grade and reheological properties of the binder all have an effect. It is 
essential, therefore, that the mechanical testing for assessment of resistance to permanent deformation should 
form a part of mix designs and evaluation.  
In the present study permanent deformation test was conducted using immersion wheel tracking test. The 
wheel tracking apparatus measures combined effects of rutting and moisture damage by rolling a rubber wheel 
across the surface of an asphalt slab. The wheel tracking apparatus consists of a loaded rubber wheel mounted on 
surface of the slab fitted on a movable table of speed 25 to 40 passes per minute. The wheel is 200 mm x 50 mm 
solid rubber wheel. The wheel is loaded by using cantilever arrangement up to a maximum load of 4 kN. A steel 
tank with thermostat controlled water bath is fitted on the moving platform. The specimens in the form of asphalt 
slab are fitted inside the steel tank. A screw jack arrangement is provided to adjust for slab thickness. The water 
temperature was maintained at 400C. Specimens of size 300 mm x 100 mm x 40 mm were prepared in steel 
mould using static compaction to achieve required density as per Marshall mix design by using PSMA-ctf and 
SMA-ctf mixes. The test results are presented in Table 3.          
 
Table 3 Results of Permanent Deformation Test 
Type of Mix Temperature, 0C Load Applied, 
kg 
Contact Pressure, 
kg/cm2 
Deformation, mm No. of 
Passes 
SMA-ctf 40 150 5.217 12 1900 
12 1200 
PSMA-ctf 40 150 5.217 12 2600 
12 1800 
 
4. Conclusions 
 
1. The optimum binder content obtained for PSMA-ctf is 0.3% higher than SMA-ctf. This may be due to 
higher viscosity of PMB-70 when compared to VG 30 grade bitumen. This resulted in lower coverage 
area of coating per gm of PMB 70. 
 
2. The asphalt drain down in PSMA-ctf is 36% lower than SMA-ctf. This may be due to presence of 
polymers in PMB-70 reduced the drain down when compared to neat bitumen. 
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3. Static indirect tensile strength values for PSMA-ctf at 10, 20, 30 and 400C temperatures are higher than 
SMA-ctf. This shows that PSMA-ctf performed better than SMA-ctf. 
 
4. The moisture susceptibility of PSMA-ctf is marginally lower than SMA-ctf.  
 
5. PSMA-ctf shows 36% higher fatigue life when compared to SMA-ctf at a tensile stress of 0.6 MPa and 
at 300C.  
 
6. PSMA-ctf shows 42% higher rut resistance when compared to SMA-ctf. 
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